B-cell activation induced by crosslinking of surface immunoglobulin is known to stimulate hydrolysis of phosphatidylinositol to diacylglycerol and inositol trisphosphate. We now provide evidence that alternative pathways of activation may also be recruited during such activation. We utilized depletion of protein kinase C activity to determine whether this enzyme is required under all conditions for anti-immunoglobulin-stimulated B-cell activation. Although anti-immunoglobulin does not induce B-cell proliferation in protein kinase C-depleted cells, it stimulates an earlier event in B-cell activation as reflected by its ability to enhance the expression of major histocompatibility complex-encoded class II molecules. Furthermore, the ribonucleoside 8-mercaptoguanosine restores the ability of anti-immunoglobulin to induce B-cell proliferation in protein kinase C-depleted cells. This restoration is also demonstrated by an enhancement of synthesis of a nuclear protein that we find is increased during B-cell mitogenesis. These results indicate that B-cell activation stimulated by anti-immunoglobulin may recruit pathways in addition to the one dependent on protein kinase C.
glycerol, which synergizes with Ca2+ to activate protein kinase C (PKC) (1) (2) (3) (4) (5) (6) . Inhibition of inositolphospholipid metabolism and of the increase in intracellular free Ca2+ concentration ([Ca2+] i) by pretreatment with phorbol 12-myristate 13-acetate (PMA) was recently shown to block the mitogenic signal induced by anti-Ig (5, 7), a finding that confirms the observations by Coggeshall and Cambier (2) , who reported that these biochemical events are crucial in the cascade of events leading to B-cell proliferation in response to sIg crosslinking. Other mitogens, as for example bacterial lipopolysaccharide, that stimulate comparable levels of Bcell proliferation stimulate neither increases in [Ca2+]i nor turnover of inositolphospholipid (7) . Similarly, activation of B cells by the lymphokine interleukin 4 (IL-4), which stimulates enhanced expression of major histocompatibility complex (MHC)-encoded class II molecules (8, 9) , also fails to activate PKC or to induce an increase in [Ca2+1f (5) . These observations that B cells can be stimulated by mitogens or lymphokines via modes of activation that are independent of
[Ca2+]i and PKC suggested to us that anti-Ig antibody may also be capable of stimulating B cells by PKC-independent pathways as well as by a PKC-dependent mechanism. Our results indicate that this in fact is the case, as we found that B cells depleted of PKC express full mitogenic responsiveness to anti-immunoglobulin if cultured in the presence of 8-mercaptoguanosine (8sGuo).
MATERIALS AND METHODS
Mice. DBA/2 mice were purchased from The Jackson Laboratory and used when 8-12 weeks old.
Reagents. Escherichia coli lipopolysaccharide (LPS) 011B4 was purchased from List Biological Laboratories (Campbell, CA). 8sGuo was from Sigma. Affinity-purified goat antimouse IgD was prepared as described (10) . IL-4 was generously provided by W. E. Paul and J. Ohara (Laboratory of Immunology, National Institutes of Health).
B-Cell Purification and Cell Culture. Splenic B cells were enriched by a modification of the method of Liebson et al. (11) . Spleen cells were treated at 4°C for 45 min with a mixture of monoclonal antibodies including rat anti-Thy-1.2, anti-L3T4, and anti-Lyt-2, followed by treatment for 45 min at 37°C with mouse monoclonal anti-rat K light chain (MAR 18.5, ATCC) and newborn rabbit complement (1:5 dilution). These B cells were free of T cells, as shown by the absence of positively stained cells following staining with fluoresceinlabeled anti-Thy-1.2 and analysis with a fluorescence-activated cell sorter. The B-cell preparation showed no proliferation (i.e., [3H]thymidine incorporation) in response to the T-cell mitogen concanavalin A (Con A) after 2, 3, 4, or 5 days of in vitro culture. Small, resting B cells were subsequently obtained by centrifugation over a discontinuous Percoll density gradient with Percoll (Pharmacia) concentrations (wt/wt) of 50%, 60%, 65%, and 70%. The fraction that layered over 70o Percoll (small, resting B cells) was used in all experiments. Cells were cultured in Mishell-Dutton medium (12) supplemented with 10% endotoxin-free fetal bovine serum (Hyclone, Logan, UT) and 50 ,uM 2-mercaptoethanol, in flat-bottomed microwell plates (Costar, Cambridge, MA) at densities of0.5-2 x 105 in 0.2 ml of medium per well. Plates were incubated in a humidified 5% CO2 incubator at 37°C for the indicated times with the various mitogenic combinations.
[methyl-3H]Thymidine was added (1.0 ,Ci per well; 1 tLCi = 37 kBq) 18 Radiolabeling of Cellular Proteins. Radiolabeling of cellular proteins was done as described (13) . Cells were washed in phosphate/saline buffer, resuspended (5 x 106 per ml) in methionine-free RPMI 1640 medium supplemented with 5% dialyzed fetal bovine serum (GIBCO) and [35S]methionine (80-100 ,Ci/ml), and incubated for 4 hr at 37°C.
Isolation of Nuclei and Analysis of Nuclear Proteins. Nuclei were isolated as described (14) . Cells (107) were washed in phosphate/saline buffer (pH 7) and suspended in 5 ml of hypotonic nuclear buffer containing 10 mM Tris-HCl (pH 8.0), 3 mM CaCl2, 0.25 M sucrose, and 0.1 mM phenylmethylsulfonyl fluoride. The cells were disrupted by gentle homogenization. The lysates were centrifuged at 1000 x g for 5 min and the nuclear pellets were washed twice with nuclear buffer containing 0.5% Nonidet P-40 (NP-40). Isolation of pure nuclei was confirmed by phase-contrast microscopy. Whole nuclei were suspended in isoelectric focusing lysis solution [9.5 M urea/2% NP-40/5% 2-mercaptoethanol/2% Ampholines (pH 3.5-10; LKB)]. After vigorous Vortex mixing, the insoluble material was removed by centrifugation and the sample was subjected to two-dimensional (isoelectric focusing, NaDodSO4) PAGE, staining, and radiofluorographics as described (15) . Standardization of control and experimental conditions was by analysis of equal amounts of trichloroacetic acid-precipitable cpm by two-dimensional PAGE. Immunoblot analysis of PKC was done as described (16) . B cells (5 x 106) were lysed in 20 mM Tris HCl, pH 7.5/1.0 mM dithiothreitol/0.5 mM EDTA/0.5 mM EGTA/ 10% glycerol/0.5% NP-40. Proteins were fractionated by NaDodSO4/10% PAGE and electrophoretically transferred to a nitrocellulose membrane. Immunoblotting was carried out by using a 1:1000 dilution of immune serum against rat brain PKC. This antibody reacts with all known species of protein kinase C (16). Detection of immunoreactive bands was done by incubation with 125I-labeled protein A followed by autoradiography of the nitrocellulose membrane for 24 hr. The membrane was then stained with amido black in 25% isopropyl alcohol containing 10% acetic acid. (Fig. 1, lanes 3-5) . Parallel cultures set up for study of [3H]thymidine incorporation indicated that the enhanced DNA synthesis could be detected 24-48 hr after addition of anti-IgD and 8sGuo (data not shown). These results indicate that the mitogenesis induced in the PKC- (Table 3) . This experiment was repeated twice more with A23187 concentrations varying from 25 to 300 ng/ml. In neither case was synergy with 8sGuo noted.
RESULTS

Anti
We have recently observed that stimulation of B cells with anti-Ig antibody, as well as with other mitogens, is characterized by a prominent increase in the synthesis ofa Mr 40,000 nuclear protein with a pI of 5 (p40/pI5). To determine whether the synthesis of this protein could also be stimulated by the combination of anti-IgD and 8sGuo in PKC-depleted B cells were cultured at 2 x 106 per ml for 18 hr in medium only or with PMA (100 ng/ml), washed three times in complete medium, and incubated at 5 x 101 per ml in microwells with 8sGuo (1.0 mM), Ca2+ ionophore A23187 (200 ng/ml), or anti-IgD (100 ,ug/ml) or with mitogen combinations as indicated. Thymidine incorporation was determined as for Tables 1 and 2. B cells, resting B cells were cultured with or without PMA for 3 hr; anti-IgD, 8sGuo, or both then were added for 16 hr and then the cells were incubated with [355] methionine (100 ttCi/ml) for 4 hr. Nuclei were isolated and the nuclear proteins were analyzed by two-dimensional PAGE (Fig. 2) . Radioactivity in the p40/pI5 nuclear protein, quantitated directly in the gels, was 87 cpm in control cells, 539 ways may contribute to synergy with 8sGuo. Although these possibilities are only speculative, they emphasize the point that sIg crosslinking may contribute to B-cell activation through pathways other than those requiring PKC.
